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In the past few years the Navy has been making a serious
effort to decrease the size and weight of all electrical and
electronic equipment destined for installation in aircraft,
and also to increase their reliability under normal operating
conditions. An examination of data concerning new aircraft
will indicate why this has become important. Todays modern
jet fighter weighs nearly as much as some World War IT bombers.
Much of this increase in weight may be attributed to the large
amount of electronic and electrical equipment which has been
placed in the aircraft; at present the growth factor for a
new aircraft is approximately seven pounds of additional air-
frame, engine and fuel for each pound of equipment added. If
some method could be devised to reduce the size and weight of
the electrical system of an aircraft, it would be very advan-
tageous to the airframe manufacturer and to Naval Aviation in
general.
-^
One method of reducing aircraft electrical,, system weight,
now under investigation, involves replacing the direct-current
power distribution system with an alternating-current system.
However even an aircraft -with an alternating-current electrical
system requires approximately ten percent of Its generated
power to be converted to direct current (1). This means the
use of either a rotary converter or transformers and semi-
conductor rectifiers. The latter method is the more reliable
since it requires no moving parts other than a possible cool-
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ing fan; however, the space and weight factor make It less
desirable.
In 1955 several rectifier systems designed for 6u cycle
per second alternating current were installed in industry
using a new germanium power rectifier. These had a weight re-
duction of four to one and a volume reduction of I4.O to one
over selenium rectifiers of comparable power rating (2).
Dallas and Relsing (3) have proposed a conversion system for
for aircraft using selenium rectifiers but no transformers,
thus removing a large portion of the weight and volume. If
the above mentioned germanium rectifiers that have proved suc-
cessful at 60 cycles per second could be utilized in aircraft
at J4.OO cycles per second, an additional savings in weight and
volume could be obtained.
The purpose of this thesis is to investigate the prop-
erties and characteristics of a germanium power rectifier de-
signed for 60 cycles per second but operated at J4.OO cycles
per second. Three different stock rectifiers were obtained
and tested to varying degrees.
The work on this thesis was done in the fall of 1955 and
the spring of 1956 at the United States Naval Postgraduate
School, Monterey, California under the direction and guidance
of G. H. Rothauge, Associate Professor of Electrical Engineer-
ing. To him the author Is greatly indebted for all help and
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(Listed in the order of their use in the text)
°C degrees centigrade
S a switch
I current, a.c. or d.c; also an ammeter
V a voltmeter
R resistance or resistive load
A*- micro, or 10"
ma milli amperes
nj cycles per second; or alternating-current source
i^ current through a diode or a rectifier
e-u voltage drop across a diode or rectifier
c*£ temperature coefficient of resistivity












Whereas the metallic rectifier as we now know it can be
desribed as a recent developement , the phenomenon of asym-
metric conduction has been studied for a long time. The prop-
erties of metal rectifiers are now known to be affected by a
large number of manufacturing and operating conditions. Even
now, however, the exact significance of a change in these con-
ditions is not always perfectly understood.
Germanium rectifiers are a very recent developement (6),
and the available amount of well-confirmed information con-
cerning their manufacture and properties is still compara-
tively small. Many war-time applications demanded the use of
reliable crystal diodes, giving good rectification and cap-
able of operating over a wide range of temperatures. Germanium
rectifiers were developed in order to meet this need. From
this beginning it was a logical step to extend their applica-
tion to the field of power rectification.
* The metallic rectifier is a static device for converting
alternating current into direct current. It makes use of a
highly unusual property of certain materials which allows cur-
rent to flow in only one direction. There have been a number
of theories advanced to explain this uni-direct ional property
such as: (a)Thermal Diffusion Theory, (bj Theory of Physical

Barrier Layer, (c) The*ory of Discontinuous Space Charge, and
many more (I4.). It is not the object of this thesis to explain
these theories. Germanium power rectifiers are usually best
explained by the barrier layer theory which Is adequately
covered in reference (7 )
»
The pure metallic germanium does not have all the re-
quired qualities of a rectifier. The designation "P" type and
11N" type germanium is currently being used to describe the
actual structure as used in a rectifier. This simply means
that some Impurity or unbalance of the atomic structure Is
necessary to produce free electrons. Experiment has proven
that alloying with indium produces "p" type germanium and al-
loying with antimony produces HN" type germanium. When put In-
to a commercial unit, the germanium rectifier is a sandwich
of five layers of material fused together. Top and bottom
layers are of molybdenum, which has the same thermal expan-
sion as germanium and has good heat conductivity. These lay-
ers provide strong stable support for the other layers during
manufacture and provide good surfaces for attaching the elec-
trical connections. The rectifying and center layer of the
cell Is a thin slice of germanium from a single crystal; this
slice contains the small amount of impurity, which produces
an excess of electrons and makes the germanium "N" type. The
germanium Is soldered to the bottom molybdenum layer with
pure tin and to the top molybdenum layer with pure indium.
The molybdenum to tin connection is ohmic, but the indium on

the top surface forms a* P-N junction by diffusing into the
germanium and changing its upper surface from "N" to "P" type.
This permits easy current flow from "P" to f,N" but deters cur-
rent flow from "N" to "p". The crystal assembly is soldered
to a metal base and has a flexible cable soldered to its top.
The wafer is usually sealed, for moisture is one of the
most deleterious impurities; it increases the reverse leakage
current at the edge of the junction.
As is well known, the operation of a metal rectifier is
limited within certain maximum values of applied voltage and
current. If these limits are exceeded the rectifier "breaks
down", that is, its forward and reverse resistance tend to
equalize and the disk thus becomes useless for rectification
purposes.
The mechanism of rectifier breakdown is frequently mis-
understood and, in particular, is often regarded as corres-
ponding to the dielectric breakdown of an insulator. Actually
rectifier breakdown is nearly always due to excessive heat ac-
cumulation which results from ohmic loss in the semi-conduct-
ing film and the barrier layer. The semi-conductor is never
of perfectly uniform thickness and thus regions of lower re-
sistance, and hence higher current densities and excessive
heating, always occur, one way in which breakdown can occur
applies to the case of prolonged exposure to a temperature
which is insufficient to melt the electrodes, but is suffi-
cient to cause a considerable increase in the mobility of the

Impurity centers. The advantageous distribution of impurities
which was achieved during the electrical forming process is
then destroyed and the efficiency of the rectifier rapidly
decreases until nearly all asymmetry of conduction disappears.
Under all conditions of operation the resulting temper-
ature rise depends on the nature of the assembly as well as
the losses in the rectifier disks. In particular the size of
the cooling fins and the distance between these fins are of
great importance in this respect. One objective of this thesis
was to determine If this fin size and spacing as designed for
60 cycle operation was adequate for I4.OO cycle operation.
2. Test items.
Throe types of germanium rectifiers were obtained and
tested. Type 1 rectifier consisted of six matched rectifier
disks in a three phase bridge circuit. Each rectifier connec-
tion was brought out to a terminal strip and jumpers were
used to form the desired bridge circuit. Thus by proper man-
ipulation of the jumpers a single rectifier could be operated
alone or any desired circuit formed. This rectifier was man-
ufactured by the General Electric Company and designated type
1(.JA3011BF1AB1 ( see appendix D for the specifications ). It
is rated at five amperes direct current per cell, and at max-
imum peak inverse voltage of 2U0 volts, both ratings at 70°C
fin temperature. These were the direct current limits used
for all tests. During alternating-current operation using a
single phase full wave circuit, ten amperes effective was

used as full load current. This gave a value of five amperes
effective from each rectifier. An inverse voltage of llj.0 volts
effective was set as the maximum. This gave a peak inverse
voltage of 200 volts. Most tests were made with single phase
alternating current to obtain the characteristics of the rec-
tifier. The author realizes that the three phase bridge op-
eration has certain advantages and these have been discussed
in Chapter III, Section 2.
The type 2 rectifier consisted of a single cell made by
the General Electric Company, model number 6RA2DF1 . It was
rated at eight ampers direct-current output and at 65 volts
effective alternating-current input.
The type 3 rectifier was also a single cell made by the
General Electric Company, model number 6RA2CF1. It was rated
at 12 amperes direct-current output with $0 volts effective
input. Rectifiers 2 and 3 were very similar and when operated
as a pair, the direct current of each was lim'ted to eight
amperes and the alternating current to eight amperes effective
( see appendix D for the specifications ).
Tests were made on the three rectifiers using direct
current, 60 and J4.OO cycle per second alternating current. In
the conclusions, Chapter V, comparisons are made only between
the 60 and J4.OO cycles per second tests to determine the effect
of the increased frequency. The tests conducted included the
determination of the effects of time and temperature on the
conduction of the rectifiers; the forward and reverse volt-

ampere characteristics; resistance; regulation; and efficiency.
3. Summary of results.
In no case investigated was I4.OO cycles per second det-
rimental to the operation of the rectifier. The effects of
both time and temperature were found to be nearly identical
for operation at both 60 and I4.OO cycles per second. There was
a small change in the volt-ampere characteristics with the
use of 1+00 cycles per second but it is concluded that the ef-
fect is negligible. The regulation and efficiency were the
same as for 60 cycles per second while the addition of a fil-
ter capacitor across the output made the regulation and effic-
iency much better than for 60 cycles per second. Such a fil-
ter capacitor would only be used for single phase operation.
For three phase operation the filter capacitor would not be
necessary hence I4.OO cycles per second would have no advantage
over 60 cycles per second.
In conclusion the author sees no reason why germanium
power rectifiers as now manufactured for 60 cycles per second
industrial power could not be utilized for I4.OO cycles per
second aircraft power. The author believes that further stud-
ies should be made before a final approval can be given.
These studies could include: the measurement of rectifier self
capacitance; the effect of extremely cold temperatures; and





Probably the one most Important piece of Information
about a rectifier Is its V-I curve, voltage versus current.
In the forward direction it is the voltage drop across the
rectifier for a given load current that is of interest; while
in the reverse direction it is the leakage current through
the rectifier for a given applied voltage. Forward direction
implies that current is flowing in the direction of least re-
sistance, the direction for which the rectifier is approximate-




The reverse direction implies current flow in the direction
of high resistance. For • alternating-current power sources, the
instantaneous current is considered.
Before any other data could be taken, it was necessary to
determine what effect time had on the conduction of each rec-
tifier. With this information on hand, it was known when to
take measurements after the power had been applied.
Since it is known that temperature has a pronounced ef-
fect upon the resistance of a semi-conductor, it was neces-
sary to determine this effect. The temperature of the recti-
fiers was held as near 22°C as possible. If it had previously

been determined that the temperature was critical for a test,
temperature corrections were applied to the data for which
the temperature was not 22° C.
2. Direct-current volt-ampere characteristics.
The direct-current characteristics were straight forward
•and easy to obtain. The circuit shown in Fig. 1 was used for
-/- O
Fig. 1. Circuit used to obtain the forward direct-current
volt-ampere characteristic.
the forward direction. The switch S was closed until the cur-
rent I-, was of approximately the proper magnitude. This was
for additional safety. By means of the variable resistors,
forward current was varied from zero to the maximum value for
each rectifier; i.e., ten amperes for rectifier 1. The for-
ward current, the voltage drop across the rectifier, and the
temperature of the rectifier were recorded for each current
setting. The resulting forward volt-amper curves are shown in
8

Fig. 29 for rectifier 1 and in Pig. 30 for rectifiers 2 and 3.
It will be noticed that the characteristic curves for recti-
fiers 2 and 3 are nearly identical in the forward direction.
It is in the reverse direction where these two rectifiers
differ.
For the reverse direction the circuit of Fig. 2 was used.
The switch was left open during the adjustment of R until the
voltage V did not exceed the peak inverse voltage rating of






Fig. 2. Circuit used to obtain the reverse direct-current
volt-ampere characteristics.
current through the rectifier I (leakage current), and the
temperature were recorded for each setting of V while V was •
varied from zero to the maximum peak inverse voltage for each
rectifier ( 200 volts for rectifier 1 ), The resulting volt-
ampere curve for rectifier 1 is shown in Fig. 31, Two curves
are shown representing data taken on two widely separated
days to check reproducibility. The results for rectifier 2
are shown in Fig. 32 and for rectifier 3 in Fig. *J3 . It is

important to note the difference in current scales for each
of the three rectifiers.
3. Alternating-current volt-ampere characteristics.
The circuits used for the direct-current characteristics
were not suitable for the alternating-current characteristics
measurements. Every half cycle the rectifier has an inverse
voltage across it, thus a voltmeter-reading across the recti-
fier would be proportional to this inverse voltage and not
the smaller forward voltage drop. Likewise an ammeter in
series with the rectifier would read the forward current and





Fig. 3. Single phase bridge circuit with shorted output
terminals
.
For measuring the voltage drop in the forward direction,
the method outlined by Henisch (I4.) known as the "short cir-
cuit test" was used. This can be visualized as a single phase
full-wave bridge circuit as in Fig. 3(a) with the output ter-
minals x,y shorted. The circuit can be redrawn as in Fig.
3(b). Only one pair of rectifiers is needed, a and b. During
10

one half cycle of applied voltage rectifier a acts as a low
impedance and the current through the ammeter is the forward
current through rectifier a plus the negligible reverse cur-
rent through rectifier b. The reverse current through one *•
rectifier will be in the order of 1/100,000 of the forward
current through the other rectifier at any one time. The volt-
age drop across the pair of rectifiers is the forward voltage
drop across rectifier a. During the next half cycle the applied
voltage reverses and now rectifier b is a low impedance . The
current through the ammeter is the forward current through
rectifier b and the voltage drop across the pair is the for-
ward voltage drop across rectifier b. Thus if the two recti-
fiers are matched, the ammeter reads the effective value of
the forward current through each rectifier and the voltmeter
reads the effective value of the forward voltage drop across
each rectifier.
variacs
Fig. l±. Circuit used to obtain the forward alternating-
current volt-ampere characteristic.
The actual circuit used for the forward alternating-
current characteristic tests is shown in Fig. I4.. The three
11

variacs were used to give a fine control over the applied
voltage. The dropping resistor R was used to allow the var-
iacs to work at a higher output voltage for better stability
of settings.
The resulting forward characteristics for rectifier 1
for both a 60 and I4.OO cycle per second power source are shown
in Fig. 3I4.. In addition, six rectifiers of type 1 were con-
nected as in Pig. 5 to form a "short circuit test" for a three
Fig. 5. Circuit used to obtain the forward three phase volt-
ampere characteristic.
phase bridge. The forward volt-ampere characteristic for this
three phase rectifier is also shown on Fig. 2>h*
Fig. 35 shows the forward volt-ampere characteristic of
rectifiers 2 and 3 in a short circuit test. This was possible
with these two rectifiers since it was shown in Fig. 30 that
they had very similar forward characteristics; however, they
12

are not matched In the reverse direction.
Fig. J4.7 shows photographs of the forward volt-ampere
characteristics of rectifier 1 for 60 cycles per second.
Pig. I4.8 shows the same for I4.QO cycles per second. Figs. 14.7(a)
and 14.8(a) are for a full load current of ten amperes. In
Figs. 14.7(b) and I4.8 ( "b ) the load has been reduced to five am-
peres with no change in gain settings of the oscilloscope.
It will be noticed that for the actual alternating-current
characteristic, the upward swinging trace and the return
trace do not coincide. The higher the frequency, the more pro-
nounced these loops become; also the higher the load current,
the larger the separation between traces. The exact mecha-
nism of this phenomenon is not yet understood, but it is pro-
bably connected with the Inter-action between the voltage-de-
pendent resistance and the voltage-dependent self-capacitance
of the rectifier.
For measuring the current In the reverse direction, the
"open circuit" method (I4.) was used. This can again be visual-
ized as a single phase full-wave bridge circuit as in Fig.
6(a) with the output terminals x,y open circuited. The cir-
cuit can be redrawn with two parallel paths as in Fig. 6(b).
Only one of these paths is required during the test. During
one half cycle of the applied voltage, rectifier a acts as
a low impedance but rectifier b acts, as a very high impedance.
Essentially all of the applied voltage as read by the volt-
meter will be across rectifier b as an inverse voltage. An
13

examination of the foreard characteristic will disclose that
the voltage drop across rectifier a is essentially zero with







Fig. 6. Single phase bridge circuit with open output
terminals
.
direction. The high impedance of rectifier b will be the
limiting factor for the current and thus tho ammeter will
read only the reverse current of rectifier b. During the
other half cycle the functions of the two rectifiers will be
reversed and if the rectifiers are matched the voltmeter
reads the inverse voltage across a single rectifier and the
ammeter the reverse current.
The actual circuit used for the reverse alternating-cur-
rent characteristic tests is shown in Fig. 7. Because the
reverse current was only a few micro-amperes, current read-
ings were taken by means of the voltage drop across a known
non-reactive resistor.
The resulting reverse characteristics for rectifier 1
for both a 60 and I4.OO cycles per second power source are
shown in Fig. 36.
Ill

Fig. I4.9 shows photographs of the reverse volt-ampere
characteristic of rectifier 1 for 60 cycles per Second. Gain •
settings were held constant and only the applied inverse volt-
age decreased. Fig. $0 shows the actual reverse volt-ampere
characteristic of rectifier 1 for I4.OO cycles per second. Again
Fig. 7. Circuit used to obtain the reverse alternating*
current volt-ampere characteristics.
the separation of the traces is clearly evident and shows the
effect of frequency and applied voltage.
Examination of Fig. 3^4- indicates that the forward volt-
ampere characteristic curve for a germanium rectifier has
the same general shape as that for a vacuum tube diode recti-
fier.
It is known that, provided the initial velocities of the
electrons are neglected, the plate current of a diode is given




This relationship is known as Child's Law. The initial elec-
tron velocities due to thermionic emission are very small in
15

comparison with the final velocities if the plate voltage is
of high enough potential to cause sufficient acceleration. At
low plate voltages the initial and final velocities are of
the same order of magnitude and Child's Law does not hold. It
is obvious from Fig. 3k- that some such power law may hold for
the germanium rectifier.
It was found that the relationship
ib = 20 eb
3 ' 2
gave a curve which approximated very closely the 60 cycle per
second curve of Fig. 31+. See Fig. 37.
Here again the relationship does not hold for low values
of voltage. The current through the rectifier is essentially
zero until the applied voltage across the rectifier reaches a
definite value. This potential imparts sufficient energy to
the free electrons to enable them to over come the forbidden
I
energy levels. This is analogous to the concept of overcoming
the work function of a metal.
For the I4.OO cycle per second curve the exponential power
factor was found to be the same/ but the constant was de-
creased. .
ib = 18 eb
3 ' 2
gave a good approximation as shown in Fig. 38.
It is thus possible to approximate the germanium forward
volt-ampere characteristic by an equation which for practical
purposes is independent of frequency at the lower frequencies.
16

A value of K such that
h - H> eb3 ' 2
shown on both Pig. 37 and Pig. 38 illustrate this.
Ij.. Resistance.
There are two types of resistance, D.C. and A.C. The
D.C, resistance at any point on the characteristic curve is
defined as the voltage divided by the current at that point,
r - ERd.c. - f
For an alternating-current power source, the effective volt-
age and current are used. This gives an equivalent resistance
which can be used to replace the rectifier to give the sane
voltage drop for a specified load current. When the resistance
is obtained from the forward characteristic curve it is call-
ed the forward resistance. When the reverse characteristic
curve is used, it is called the back resistance.
The A.C. or dynamic resistance is defined as the slope
of the curve at that point,
r - d2
rt a.c. - 3j •
The rectifier can then be thought of as being biased by a di-
rect-current voltage equal to the effective voltage at the
operating point on the characteristic curve. The slope of the
curve at this point is thus an equivalent resistance for a
small amplitude alternating voltage operating about this
biased point. This is analogous to the characteristic curves
of a triode where the dynamic plate resistance is the slope
17

of the curve at an operating point and the operating point Is
determined by the bias on the tube.
The D.C. resistances were calculated from the character-
istic curves for direct-current and pO and I4.OO cycle per sec-
ond alternating current. The results are shown in Figs. 39
and i+O. It can be noted that in the forward direction the D.C.
resistance is nearly identical for each of the three types of
power.
.The A.C. resistances were calculated for only 60 and L(.00
cycle per second alternating current. The results are shown
in Figs. 1)1 and 1+2. It can be noted that in the reverse di-
rection the rectifier has a maximum resistance at about I4.O to
50 inverse volts.
The ratio of back to front resistance is often taken as
one method of rating a semi-conductor rectifier. For rectifier
1 the A.C. resistance at the rated peak inverse voltage of
II4.O volts and the resistance at the rated forward current of
ten amperes was used to give the following back to front
resistance ratios:
60 cycles per second lilj.,^00,000 to 1
lj.00 cycles per second 53*500,000 to 1
Using the maximum back resistance and the minimum forward
resistance, the following values were obtained:
60 cycles per second 121,000,000 to 1
J4OO cycles per second 127,000,000 to 1
18

5. The effect of time.
For the forward direction, the rectifier was placed in
operation conducting a constant current and the voltage drop
across It was recorded as a function of time after applying
power. This was done for direct current, 60 and I4.OO cycle per
second alternating current. The circuit used for the direct-
current case is shown in Fig. 1, and the basic method was the
same as that outlined in section 2 for the forward volt- amp-
ere characteristic. For the alternating-current case, the
circuit of Fig. I4. was used and the method outlined in section
3 for the forward volt-ampere characteristic.
In all cases and for all rectifiers, the forward voltage
drop was constant with time. See Tables I through V.
For the reverse direction the rectifier was placed in op-
eration with a fixed inverse voltage across it and the leak-
age current recorded as a function of time. The circuit used
for the direct-current case is shown in Fig. 2 and the basic
method used was the same as that outlined in section 2 for
the reverse volt-ampere characteristics. For the alternating-
current cases, the circuit is shown in Fig. 7 and the method
outlined in section 3. For rectifier 1 there again was no
effect of time. See Tables VI, VII and VIII. The slight var-
iation in reverse current was found due to changes in temp-
erature. For both rectifiers 2 and 3 there was a definite
"creep" of reverse current with time. This Is clearly shown
in Fig. 13 for rectifier 3. For an additional test a constant
19

inverse voltage was applied to the rectifier .and held until
the reverse current had become nearly steady. The power was
then removed for a short period of time, and reapplied. This
was to determine to what value the current would return. The
results are shown in Figs. 1I4. and 15. The period the power
was off was varied and also the inverse voltage being reap-
plied. Pig. li| also shows the effect of a sudden increase in
voltage without shutting down the power.
During the first five or ten minutes a rectifier was on,
the peak reverse current was found to be a function of how
long the rectifer had previously been sitting idle with no
power. A rectifier that had not been used for several days
had a higher reverse current during the first few minutes of
use than one that had been idle for only a few hours. This is
clearly shown in Fig. 16 where the rectifier drew more reverse
current with 50 volts across it after sitting idle for seven
days than it did with 70 volts across it after sitting idle
for only 20 hours.
,
Because the reverse current changed during the first few
minutes after the application of power, any tests made using
a fixed voltage were made after the rectifier had been warmed
up at that voltage for at least an hour. If the input voltage
was to be an independent variable the tests were made in such
a manner £hat all readings were taken at exactly one minute
after a change in voltage had been made. This helped insure
that successive readings would be comparable. Of course this
20

precaution was not necessary with rectifier 1 because there
was no "creep" of current.
6. The effect of temperature.
The temperature measured was that of the cooling fin im-
mediately adjacent to the rectifier junction. Measurements
were made by means of an iron-constant ine thermo-couple using
ice-water in a Dewar Flask as a reference point. The indicat-
ing device was a Weston Model I4J4.O galvanometer with 60 divi-
sions for full scale and calibrated to read from zero to 60
degrees centigrade. The same circuits and methods were used
as for measuring the volt-ampere characteristics in sections
2 and 3. See Figs. 1, 2, l\. and 7.
For the forward direction a constant current was main-
tained through the rectifier and the voltage drop across the
rectifier recorded as the temperature was varied. A combin-
ation of a variable speed direct-current electric fan and a
heat lamp were used to get any desired temperature from 20°C
to 60°C It can be noted from the resulting curves shown in
Figs. 17 through 22 that the forward voltage drop decreased
as the temperature increased indicating a negative temper-
ature coefficient of resistivity, oc^.
. It will also be noted
that the decrease was linear.
In the reverse direction the voltage was held fixed and
the reverse current recorded as the temperature was varied.
For rectifiers 2 and 3> a one hour warm up was required to
eliminate the time variable. The results shown in Figs. 23
21

through 27 Indicate that the current increases with an in-
crease in temperature, again a negative temperature coeffic-
ient of resistivity, oc
fc
. Here the rate of change is non-lin-
ear with the current increasing more rapidly as the temper-
ature is increased.
The results of these "effect of temperature" curves were
used to correct any observed data to a standard temperature
of 22°C. This value was chosen because it represented the
average! room temperature and thus corrections were kept to a
minimum. For those tests decribed in other sections, the fan
was used continually to keep the rectifier temperature as near
22°C as possible. An example of the method of correcting for
temperature Is shown in Table XXV and Fig. 28. Here the cur-
rent I T at any temperature T is divided Into the current I at
22°C to give a correction factor. This correction factor, fp ,
is plotted versus temperature in Fig. 23. Thus for all future
direct-current work on rectifier 1, the reverse current T r at
any temperature T can be corrected to the value It would hove
been at 22°C, Ti2 • This is done by multiplying I T by the cor-
rection factor f
r for the temperature T from Fig. 28.
The temperature to which rectifier 1 would rise using no
forced air cooling was also checked. This was done using al-
ternating current only. It was first done using 60 cycles per
second, J4.OO cycles per second, and J4.OO cycles per second three
phase while the rectifiers were connected for the "short cir-
cuit test" described in section 3. The results are tabulated
22

In Table XXVI. The rectifiers were next connected for normal
full wave rectification as in Fig. 8 using both resistive and
inductive loads; with and without a filter. A full load of
ten amperes direct current was established and the final






To determine the regulation of the rectifier, the full
wave rectifier circuit of Fig. 8 was used. The voltage V,













Fig. 8, Full wave rectifier circuit used
to determine regulation.
effective, putting 60 volts across each rectifier in the for-
ward direction. The inverse voltage across each rectifier was
120 volts effective and controled the maximum input voltage
that could be used. Fig. 9 shows that the maximum direct-cur-
rent voltage that can be obtained is Sh volts. Fig. I|.3 shows
the full load output voltage to be 51 •$ volts for 60 cycles
per second input or a regulation of 96 percent, where percent
2U

regulation is defined as
D.C. output, full 1 oad
D.C. output, no load x 1UU *
Fig. hi also shows the full load output for I4.OO cycles per
second to be 52. L|. volts or 97 percent regulation. The no fil-
ter regulation curve is linear and very flat. Figs. 5l and $2
show that the voltage across the load and the rectifier cur-
rent are both rectified sine waves with no distortion.
84. 9 v peo£
SO v r.rn.s.
O TT 277
Fig. 9. Average value of a full wave rectified sine wave.
2. With filter.
A filter composed of a 2I4.6 micro-farad capacitor across
the load was used next. As shown in Fig. 1+3 the effect on reg-
ulation was much more pronounced with J4-OO cycles per second
than wi'th 60 cycles per second. The theoretically possible no
load voltage is now the peak voltage 81;. 9 volts. The full
load voltage for 60 cycles per second is 52.8 volts giving a
62.8 percent regulation. Fig. 53(a) shows the voltage wave-
form across the load. The ripple factor for this wave1 is
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0.i|83 where ripple factor is defined as :
Effective value of the alternating component
r =
Direct or average value
Fig. 53(b) is for the same circuit but the load has been re-
duced to 1.2 amperes giving a ripple factor X - 0.150.
The full load voltage for 1+00 cycles per second is 63.1
volts giving a 7^.2 percent regulation. See Fig. 14-3. Fig.
5U(a) shows the full load wave form and Fig. 5U(b) the wave
form with 1.28 amperes. The ripple factor is 0.098 and 0.018
respectively.
Figs. 55 and £6 show the combined current I from the two
branches of the rectifiers at 60 and I4.OO cycles per second
with full and partial loads. It is evident that there is a
period during each half cycle when neither rectifier is con-
ducting and lo%d current is being supplied by the capacitor*
However since average output current remains the same, the
peak current must increase. Fig. 55i&) shows that for a full
load of ten amperes direct current, a peak current of 15.07
amperes flows through the rectifier. If the average load cur-
rent is reduced by a factor of 8.3 to 1.20 amperes as in Fig.
55(b) the peak current is reduced only by a factor of 2 to
7.1;6 amperes. With I4.OO cycles per second, for a load current
of ten amperes)* a peak current of 22 amperes flows through
the rectifiers.
The filter capacitance was increased to 550 micro-farads.
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The effect on the operation at I4.OO cycles per second was in-
significant, but there was an increase in regulation for the
conditions at 60 cycles per second. See Fig. I4.3 • The effect
on ripple factor is clearly shown in Figs. 57 and 58. Al-
though the additional capacitance did not change the regulation
for I4.OO cycles per second, it did improve the ripple factor.
Figs. 59 and 60 show the rectifier current with 550 micro-
farads capacitance. Comparison of Figs. 56 and 60 shows that
the increase in capacitance had no effect on the current wave
shape with I4.OO cycles per second. Comparison of Figs. SS and
59 shows that with 60 cycles per second the additional filter
capacitance caused a narrower and sharper pulse of current
from the rectifier. Again the peak current increased to main-
tain the same average current.
Operation at 60 cycles per second with a 550 micro-farad
capacitor had a regulation of 68.1 percent. Using the I4.OO
cycle per second power source and decreasing the capacitance
it was found that only 58 micro-farads were required to give
the same 68.1 percent regulation. The full load ripple factor
for 60 cycles per second with 550 micro-farad capacitance was
0.392. It required only 6l micro-farads to give the same
ripple factor for I4.OO cycles per second. See Fig. 6l . Fig. I4J4.
shows the .effect of capacitance on output voltage and ripple
factor for the rectifier system when operated at 1|00 cycles
per second.
The resistive load was replaced with an inductive load
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consisting of a direct-current motor driving a loaded gener-
ator* The 550 micro-farad filter capacitor was used. The reg-
ulation curve at I4.OO cycles per second was identical to that
for a resistive load and 550 micro-farads. The regulation
curve at 60 cycles per second was not the same as that for a
resistive load and 550 micro-farads but was very similar to





Fig. 10. Three phase bridge circuit.
The wave form of voltage across the inductive load with
60 cycles per second Is different from that with a resistive
load. See Figs. 62 and 57. The regulation is poorer and the
ripple factoi* figher for the Inductive load. For I4.OO cycles
per second the waveforms are very similar for inductive and
resistive loads. See Figs. 63 and 58,
Comparison of Figs. 61j.(a) and 59(a) shows a considerable
variation in the rectifier current waveform for 60 cycles per
using an inductive and resistive load respectively. Comparison
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of Figs. 6l\.(b) and 60(a) shows no variation in the rectifier
current waveform for 1+00 cycles per second using either an
inductive or resistive load.
Rectifiers 2 and 3 were used to form a full wave recti-
fier circuit with a resistive load an no filter. Figs. 65 and
66 are the voltage waveforms across the load for 60 and I4.OO
cycles per second respectively. The waveforms for 60 cycles
per second are normal except at full load there is a short
dead spot when neither recitler is conducting. This dead spot
is more pronounced for the I4.OO cycle per second waveform,
also this waveform is a distorted sine wave.
84. 9 79. 2 v c/,c.
/
7 \ / \ / \ / \ /




Fig. 11. Output waveform of a three phase bridge rectifier.
The author realizes that in a practical installation the
alternating-current source is normally three phase and a three
phase bridge circuit as in Fig. 10 would be used. In such a
circuit each rectifier conducts for only 120 degrees out of
each cycle and rests for 2I4.O degrees; consequently, the load
current through each rectifier can be increased by 50 percent.
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Such a circuit does not normally employ a filter capacitor.
With an effective input voltage of 60 volts, giving a peak
voltage of OI4..9 volts, an output direct-current Voltage of
79.2 volts is theoretically possible. See Pig. 11. The ripple






The efficiency of a full wave rectifier system is de-
fined (5) as




pa.c. (in) l/// 14-5° 1+5° '
R R
where R is the Internal resistance of the rectifier In the
forward direction, assumed to be linear, and R is the resis-
tance of the load. This efficiency is known as the "conver-
sion efficiency", the ability to convert alternating-current
power into direct-current power. The efficiency approaches a
theoretical maximum of 8l,2 percent for this idealized full-
wave rectifier as R becomes large compared with R c . The factor
1 + *°
R
accounts for the heat lost in the rectifier element; it is
the fraction of the input power delivered to the load. Only a
portion of the power delivered to the load is direct-current
power. The remainder is dissipated as heat associated with






accounts for this loss in the circuit and is the fraction of
the power delivered to the load that is converted to direct-
current power.
The circuit used to measure the efficiency of rectifier













Fig. 12. Circuit used to obtain rectifier efficiency.
120 volts. The wattmeter was placed in the primary circuit
for two reasons. First the transformer action reversed one
half cycle of the current giving an alternating current in-
stead of a pulsating direct current. Second the inductance of
the transformer tended to smooth out the narrow pulses of
current which occurred when a filter capacitor was in the
circuit. Both effects reduced the higher harmonics of current
and gave more accurate readings with the wattmeter. This cir-
cuit arrangement required the determination of the transform-
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er losses in order to obtain the true input power on the sec-
ondary side. Fig. bS shows these losses as a function of out-
put alternating current.
The no-filter efficiency curves for 60 and l+OO cycles
per second are shown in Fig. I|-6. The full load efficiency is
approximately 77 percent and the efficiency curve is flat
over most of the operating range.
2. With filter.
A 2I4.O micro-farad filter capacitor was applied across
the load. The capacitor reduces the alternating components of
load current and consequently the losses associated with them.
The better the filtering action, the higher the efficiency
should be. This is borne out in Fig. I4.6. With 60 cycles per
second the filter is effective only at low values of load
current and thus the efficiency at these points is higher. At
full load where the ripple factor is still O.I4.83 the efficiency
is 77.5 percent as compared to about 77 percent with no filter .-
For I4.OO cycles per second the filter is effective at full load
where the ripple factor is O.O98 and the efficiency as shown






Fig. 3>h indicates that there is little change in the for-
ward volt-ampere characteristics when going from 60 to J4.OO
cycles per second. The voltage drop for a given load current
is slightly greater for I4.OO cycles per second than for 60
cycles per second. It was possible that this change could be
caused by some type of aging in the rectifier since the 60
cycle per second tests were made several days prior to the
1|00 cycle per second tests. Consequently a new forward volt-
ampere curve for 60 cycles per second was obtained and it lay
identically on top of the first. Thus the change between the
60 and I|.00 cycle per second curves can be attributed only to
frequency.
In the reverse direction the 60 and lj.00 cycle per second
curves were nearly identical, with the I4.OO cycle per second
curve having a slightly greater leakage current than the 60
cycle per second curve for a given inverse voltage.
In both the forward and reverse directions rectifier 1
is a better rectifier at 60 cycles per second than at 1^.00
cycles per second; however, the difference is probably in-
significant and it is concluded that the rectifier would
operate equally well at either frequency.
3U

2. Effect of temperature.
The effect of temperature Is nearly the same for both
60 and lj.00 cycles per second. In the forward direction the
voltage drop across the rectifier decreases with an increase
in temperature. This decrease is perceptibly more rapid for
I4.OO than for 60 cycles per second. This implies a decrease
in resistance or an increase in current with an increase in
temperature and thus more losses in the rectifier.
In the reverse direction an increase in temperature
causes an increase in reverse current. This increase becomes
very rapid at high temperatures with the result that reverse
I R losses increase greatly with temperature. The difference
between the effect of temperature on operation at 60 and I4.OO
cycles per second in the reverse direction is negligible.
The steady state temperature of the rectifier with no
cooling fan averaged 2\ degrees higher at 60 cycles per sec-
ond than at I4.OO cycles per second. This was 12 percent of the
total temperature rise. It is concluded that rectifier 1
would operate cooler at J4.OO cycles per second than at 60
cycles per second but that the difference is insignificant.
3. Resistance.
It is obvious that since the characteristic curves for
60 and 1+00 cycles per second are so similar, the resistance
curves would likewise be very similar. What ever value of
resistance is chosen to represent the rectifier at 60 cycles





The regulation without a filter capacitor was very sim-
ilar for both 60 and I4.OO cycles per second and it can be con-
cluded that neither has an advantage. However, when a filter
capacitor is added the I4.OO cycle per second power has a decid-
ed advantage, which would be true for any type of rectifier.
The operation at I4.OO cycles per second can give a specified
regulation or ripple factor with a much smaller capacitor
than can 60 cycles per second. As the filter capacitor is in-
creased, the peak current through the rectifier increases. For
the rectifier circuit tested the peak currents nearly doubled.
In this case there appeared to be no adverse effects on the
rectifier. It must be remembered that increasing the peak
current increases the I2 R losses in the rectif^r thus rais-
ing the rectifier temperature. Table XXVI shows that adding
550 micro-farads of capacitance raised the temperature 2.3
degrees for 60 cycles per second and 3 •? degrees for I4.OO
cycles per second. Raising the temperature of the rectifier
allows the reverse current to increase greatly thus there is
an upper limit to the forward peak current.
It was noted that the waveforms at 1|00 cycles per second
were the same for both a resistive and inductive load; how-
ever, for 60 cycles per second the inductive load introduced
considerable distortion.
It is concluded that the rectifier operation is as good
36

or better with I4.OO cycles per second than with 60 cycles per
second when only regulation is the governing factor.
5. Efficiency*
It was shown in Fig. I4.6 that the efficiency curves for
60 and i|00 cycles per second were very similar if no filter
capacitor was used. With the addition of a specified filter
capacitor the J4.OO cycle per second operation had a decided
advantage. Therefore it is concluded that the rectifier op-
eration is as good or better with I4.OO cycles per second than






Jn no case investigated was I4.OO cycle per second power
detrimental to the operation of the rectifier. The effects of
time and temperature were the same as for 60 cycles per sec-
ond* The volt-ampere characteristics were the same as for 60
cycles per second. The regulation and efficiency were the
same as for 60 cycles per second while the addition of a fil-
ter capacitor across the output made the regulation and eff-
iciency much better than for 60 cycles per second. Such a
filter capacitor would normally only be used for single phase
operation.
In conclusion the author sees no reason why germanium
power rectifiers as now manufactured for 60 cycle per second
industrial power could not be effectively utilized for I4.OO
cycle per second aircraft power. The author believes that
37

further studies should be made before a final approval can
be given. These studies could include: the measurement of
rectifier self capacitance; the effect of extremely cold
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The following pages contain the curves and graphs which
resulted from the data taken. Each curve is a graphical rep-
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The following pages contain photographs of the voltage
and current waveforms observed across the load and the rec-
tifier. The photographs were taken with a Bolsey 35 mm cam-












E = 0.775 volts,








E - O.BU volts.
Terminal points:
1=5 amps.
E - 0.640 volts.










E = HO volts
I = 149 u amps
Terminal points:
E = 70 volts
I = 110 u amps







E => HO volts
I 14.7 u amps
Terminal points:
E = 70 volts
I = 112 u amps

























10 amp load current.




10 amp load current.
15.5 amp peak current.









10 amp load current




1.2 amp load current,
ripple factor 0.1 50










10 amp load current,




1.28 amp ^pad current,
ripple factor = 0.018








10 amp. load current.






1.20 amp load current.
7.4.6 amp peak current.
WAVEFORMS OF COMBINED CURRENT FROM RECTIFIER 1 WITH 240 ufd CAPACITOR








10 amp load current.







1.27 amp load current.
4.99 & A.07 amp peak
current.
WAVEFORMS OF COMBINED CURRENT FROM RECTIFIER 1 WITH 2^0 ufd CAPACITOR









10 amp load current,




1.33 amp load current,
Ripple factor - 0.051















1.27 amp load current,
Ripple factor = 0.006










10 amp load current.




1.20 amp load current.
7.43 amp peak current.
WAVEFORMS OF COMBINED CURRENT FROM RECTIFIER 1 77ITH 550 ufd CAPACITOR







10. IB amp load current,






1.20 amp load current.
5.07 & 4.34 amp peak
current.
(b)
WAVEFORMS OF COMBINED CURRENT FROM RECTIFIER 1 WITH 550 ufd CAPACITOR









10 amp load current.




10 amp load current.
Ripple factor = 0.392
FILTER CAPACITORS REQUIRED TO GIVE COMPARABLE RIPPLE FACTOR









10 amp load current.




2.?3 amp load current.
Ripple factor = 0.227









10 amp load current.




2.94- amp load current,
Ripple factor 0.010,
(b)
OUTPUT VOLTAGE WAVEFORMS OF RECTIFIER 1 WITH 550 ufd CAPACITOR FILTER









10 amp load current.




10 amp load current.
22.? & 20.1 amp peak
current.














0.4- amp load current.
OUTPUT VOLTAGE WAVEFORMS OF RECTIFIERS 2 AND 3













0.4. amp load current.
OUTPUT VOLTAGE WAVEFORMS OF RECTIFIERS 2 AND 3






The following pages contain tables of the actual data




RECTIFIER D.C. FORWARD VOLTAGE DROP « TIME
I, t V, T
amp. mtn. vol-fs °C
/.o 0.5 0.45 Z3.0
/.o /.o 0.45 Z3.0
/.o /.5 0.45 Z3J
/.o Z.O 0.45 Z3.Z
/.o 3.0 0.45 Z3.3
/.o 5.0 0.45 Z3.3
50 a5 0.&& Z.4.J
s.o /.o O.GG 2.4.8
s.o /.s 0.6G Z5.I
5,0 Z.O 0.66 25.3
5,0 3.0 0.66 Z5.5
5,0 5.0 0.66 Z5.7
/o.o 0.5 0.84 24.9
/o.o /.o 0-84 Z6.Z
/o.o A 5 0.84 Z 7.Z
/o.o Z.O 0.84 2 7.9
/o.o 3.0 084 Z6.Z




RECTIF/ER GO^ FORWARD VOLTAGE PROF
vs T/ME
I, t V, T
m/n vo Hs °C
ao o.s 0.440 2.4.3
AO AO 0.437 24.3
AO A. 5 0-440 24.4
..- AO 2.0 0.4fO 2-4,6
AO 3.0 0.440 24.
S
AO SO 0.140 24.
C
SO o.s 0.CS4 2*,?
so /.o 0-&S4 2S.2
so AS 0-CS~6> 2SS
SO 2.0 0.CS4 2 5, &
so 3.0 o.csz 2S.7
S.O S.O O.GSl 2S.8
AO.O O.S 0.8/4 26.0
A0.0 AO o.a/4 2&,8
/o.o AS 0.8/4 2 7/
/o.o 2.0 0.8/3 Z/.3
/o.o 3.0 0.8/C 2 7. &
/O.O S.O .8/7 2 7.9




RECE/FIER 400~ FORWARD VOLTAGE DROP *s E/ME
X t V, T
orr>p. rr>>*'r\. vof-As °C
A,0 0.5 O.HS 25.7
A.O AO 0.443 25,7
AO A. 5 0,443 257
AO Z.O 0.443 Z5.6
AO 3.0 0,443 256
AO 5.0 0.443 25.6
50 O.S O.660 2 6./
5.0 A 0.6SS 26.4
5.0 AS 0.656 2 6.8
50 Z.O 0. €58 26.9
S.O 3.0 0.6S8 Z7.0
5.0 s
J
.o 0.6*8 27, /
AO.O O.S 0.6/8 Z7.5
A0.0 A.O O.0/6 28. A
AO.O AS 0.3/9 2.8,7
AO.O 2.0 0.8/9 2.9.0
AO.O 3.0 o.s/9 29.0




RECT/FIER 2P.C. FORWARD VOLTAGE DROP vt TIME
z t V, T
omp. min. Vo /-/s *c
2.0 O'.f 0.27Z zs:/
z.o /.o O.Z72 zs.o
z.o z.o O.Z72 21.9
z.o 1.0 0.Z72 2f,0
z.o 6.0 0.2 72 2 4.9
z.o S.o O.Z72 21.6
z.o /o,o 0.2 72 21,
d
1,0 0,5 0.3tZ Z3.2
t.o /. Q.3/Z 23.8
1. /.& 0.3/Z 2 3.9
1.0 2.0 ,3/Z 21.0
1.0 3.0 0.3/2 21.0
1.0 S.O 0.3// 21.
t.o /o.o 03/1 2-1,6
8.0 o.s 0. 3S3 2£-
t e
8.0 AO 0.3S8 25, 9
6.0 2.0 0.3S7 2CJ
3.0 1,0 0.3S& 2C.3
8.0 6.0 0.3S6 2 6.4
3.0 8.0 0. 3SS 2C.C




RECTIFIER 3 D.C. FORWARD VOLTAGE DRORvsTIME
I. t V, T
amp
. rr>i n. vo //s °C
+ 0.5 0.3 0£> Z4.9
to /,0 0.30S 2S.t
+.0 Z,0 0.304 2f,&
+.o 3:0 0.3O3 ZS7
+.0 s.o 0.30 3 ZS.7
4.0 /o.o 0.303 2~C,o
*,a /3.0 0, 303 z CO
8.0 o.s 0.34/ 26.4
d.o • /.o 0.34/ 27.0
8.0 2.0 0.340 2 1.3
3.0 3.0 0.340 27.6
3.0 S.O 0.340 Z7.3
3.0 7.0 0.33? Z7.9




RECT/FIER 2 DC. REVERSE CURRENT\s T/ME


































RECT/F/EF 1 60<» REVERSE CURRENT *r TIME
V = SO v
t V* J T
rnm. [/o/F ^aa amp. eC
O.zs 0.688 //8.3 £3,/
o.so 0.668 7/8.3 Z3J
AOO 0.687 7/8.2 23,/
AS 0,688 //8.3 2 3/
2.0 O.C87 7/8 Z 23.1
3.0 0.69/ 778S 23.
1
SO 0.C9S //9.6 2 3.1
7.0 O.t 97 //<?,? 23.
Z
/o.o 0.698 /zo,/ 23. Z
/SO 0.6 78 /ZO,/ 23.
ZO.i 0,6?8 /ZO./ Z 3.2
V = /OO i/
O.ZS 0.8/9 /Y0.8 2 ?.Z
O.SO C.8'9 /VO-8 2 3.Z
/.OO 0.8Z0 /V/./ Z3.Z
AS 0.820 /¥/./ 23.2
2.0 0.8Z2 /V/,S Z3.Z
3.0 O 823 ///.7 23.
3
5.0 0,8/? /V0.8 2 3.3
7.0 0,826 /</2,2 ZJ,3
/O.O 0.8ZZ /V/.S 2 3,2




RECT/F/ER 1 G0>- REVERSE CURRENT v, TIME
V* /3o „
o.zs 0. 9*4 /t2,3 23,3
o.so O,9S0 /C3.4 2 3,4
/.oo 0.9*8 U3.2 23,4-
AS 0.94b /C2.? 23.4
z.o 0,9S3 /C3.9 23.S
3.0 o.9Vt> /6Z.9 2S.4
f.o 0.948 Z63.2. 23.S
5,0 C9SS /t>f.3 23,
S
7.0 0,96/ /&S.4 23. C
/o.o 0.9*4 ACS. 9 2 3.7
/S.O 0,82S /42.0 20.8
o/> en ec/ iv/hc/o w )
lCk

RECT/F/ER 1 400 ~
TABLE JZZZZ
REVERSE CURRENT vs TIME
\J=5-Q^
t Vk I r
m/n. vol-fs ^a amp. °c
0.Z5 o. 677 7/6.6 23. /
0.50 0.680 // 7.0 Z3. /
/.00 0.688 7/8.3 23.
Z
/5 0.688 //8.3 23.2
zo 0.6 9Z //?./ Z3.2
3.0 0.700 /Z0.+ Z3.3
so 0,7/3 /ZZ.7 Z3.3
7.0 0.7'2.3 /Z4.3 Z-3.4
70.0 0.739 /Z7.I Z3.7
/s.o 0.73? 7E7.Z Z3.7
y^/oov
O.Z5 0.83S /?3.7 Z3.2
o.so Q.338 7<7tJ 23. Z
/. 00 0.83Z /13.Z Z3.2
AS O. 8 3Z 713. Z Z3.7S
2.0 0.8Z5 7JZ.0 Z3J
3.0 C8Z8 74Z.¥ 23.0
S.O 0.857 747.6 Z3.7
7.0 O.80Z 738.0 ZZ.O
/o.o 0.80 7 738.9 ZZ.9
75.0 0.834 /43.6~ 2 3.Z
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TABLE \llll cZon 77n c/€ o7
l/= /30v •
t V* I T
/??//? vo/7s sO Om p. °C
O.Z5 0. 953 76f.8 23.2
0.50 0.9&2- 76S.6 23. 3
7.00 0. 970 766-9 2 3.5
- 7.5 0- 974 767.6 ZS.fS
2.0 O. 975 76 7 7 Z3.S
3.0 O. 988 7 70.0 Z3.7
5,0 O. 9Q0 7 70.3 237
7.0 O. 988 7 70.0 2-3.7
70.0 0. 907 756./ 2 2.3
/5.0 O. ?55 76?, 4 Z3.ZS
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8ECT/F/ER 3 D.C. REVERSE CURRENT vs TIME
TABLE IK
V= 50 v
t It Izz.* T
m/'n. rn a sn a. °c
O.S 39.7 38.9 23.4




z.o 46.3 44,0 24. °>
Z.5 47.0 44.7 Z5.0
3.0 473 44.8 2.5,/
3.5 474 44.9 2 5./
4.0 47.4 44.8 25.
Z
4.5 47.4 44.8 2 5.3
5.0 47.4 44S 2 5.3
6.0 ¥7.4 44-8 2 5.3
TO 47/ 44.S Z5.3
e.o 46.9 44.3 25. 4
/CO 46.2 43. & 25.3
/z.o 46.0 43.4 25:4
/5.0 453 4£7 25.4
/6.0- 44.7 42.2 25, 4
Z3.0 44'.2 4/. 5 25.6
Z6.0 433 4/, 3 Z5.6
30.0 43.6 4/0. 25.6
35.0 4 3.0 40.4 25.7
4CO 42.8 40.2 25.7
45.0 42.4 39.8 25.7
50.0 4Z.I 39.7 25,3








RECT/FIER 3 D.C. REVERSE CURRENT vs TIME
V= 30v
t I* Izz* T




/.0 25.3 2 4.3 24.3
75 26.0 2 5,2 24,6
Z.O 26.8 25,6 24.6
Z.5 2 7.0 25,9 24,5
3.0 2 7,/ Z6.0 24.5






4.5 27.2 2 6.1 24.4
5.0 27.Z 2 6.1 24.4
6,0 2 7.1 26.0 24.3
8.0 2 7.0 25,9 2 4.3




/6.0 26.5 25A 24.3
23.0 26./ 25.2 24.2
15.0 2 6.1 25.
Z
24.2
3 0.0 26.1 25,1 2 4.3
35.0 2 5.9 24.9) 24,4
4 0.0 2 5,8 2 4.8 24.3
45,0 2 5.6 2 4,6 2 4.3
5CO 2 5,4 24. 4 2 4.4
55.0 2 5.3 24.3 24.3





RECTfF/ER 3 D.C. REVERSE CURRENT VS 7
t V It Izz T
m/n Vo/tS m a. rrt a *c
0.5 40 30.2, 29, t> 23.4
/.o 3/.0 30.1 23, 7




3.0 3/J 30, 23, 9
5.0 3/.0 30./ 23,9
7.0 30.9 2 9.9 Z3.9
/0.0 30.9 2 9.9 2 3. 9
/5.0 30,8 2 9.3 2 3,9
zo.o 30.7 298 23.9
25.0 30.
G
2 9.7 2 3,9
30.0 30.S 29.6 23. 9
35 f 30.3 Z 7.4 2 3.9
3,7.0- 40 30.6 29.5 2 4. /
37. Of O 0.0 0,0 24. 1
38.0- O O.O o.o 23, 9
38.Z5 40 19.8 28.9 23,8
33,5 30,0 2 ?,/ 23. e
39,0 30.1 27.2 23,9
39.5 30.3 27,4 23. ?
40,0 30.3 29.4 23.9
41.0 30.4 29.7 23.?
43.0 30.6 29t> 24.0
45.0 ' 30.7 29, 7 Z4.0
50,0" 40 30,7 2 9.7 24.0
50,0-h O 0.0 o.o 2 4,0
53,0- O o.o o.o 23,7
53.25 30 ZZ.9 22.4 2 3.5
53.5
1
23.1 22.5 2 3.5





TABLE' 2Z con -7/nve o/
± V it Z22. T
rt)/r> vo/is rna /7) a °C
5S.0 30 23.Z 22, G> 23.6
57.0 Z3.Z £2.6 23.6
60.0 \ ' Z3.2 22. 6 23.6
6/.0- 30 23.Z 22,
&
23.6
6/.0+ 0,0 0.0 23.6
63.0- o o.o 0.0 2 3.7
63. Z5 5T0 36.? 35.8 23.8
63.5 37.3 36,2 23.9
64.0 37.8 36.5 24.1
6S.0 38.2 36.7 24,3
66.0 3a, 3 36.7 24.6
69.0 38.S 36.7 24-8




99.0- 5"0 3$.6 36,7 24,9
99,0 + 0.0 0.0 24. 9
/o/.o- o 0.0 0.0 24.8
/o/.z's 60 44.9 43.1 24,4
/o/.s 45.6 4 3.5 24.7
/oz,o 46.1 4 3.7 25.1
/03.0 46.9 44.3 2 5,4
/0 4.0 46.9 44,3 25,4
/os.o 46.7 44.0 25.4




RECT/F/ER 2 D. C. REVERSE CURRENT vs 7
t V z* 7s2° T
r?i//n. Vol4s rn a. m a °C
0.5 5-0 8.G 8J? 23
f,0 AA. 3 A A, A 7 Z3.0
7 5 A2.7 AZ.S& 22.
9
z.o 13,33 A3, A? 2Z.9
2,5 Z3.76 A'3,63 22.8
3.0 /3.90 A 3.7? 22.9
3,5 A3,97 Z3.83 22.8
4.0 /'3.98 A3, 94 22,8
5.0 A 3. 86 73.7S 22.8
G.O A3. 6? 73,5*7 22.8
7,0 A3. 48 73.36 22,3
8.0 A3. 2d' 73. A3 22,8
9.0 73.03 72.92 22,8




/6.0 A A. 90 77 66 22,9
20.0 AA. 28 7773 Z2
X
9
Z6.0 A0.6 8 7C.SZ 22,9
29.0 A0.4Z 70.26 22.9
35.0 A0.08 992 2 3.0
40,0 9.3Z 9.62 Z3.0
45.0 9.S9 9.38 2 3./
50,0 '9.3? ?,/S" Z3J
F6-0 9,23 ?,96 2 4,0
6 0.0 9. A6 8.90 2 4, 1
65.0 9.0Z 8.7S 2 4, 1
70,0 8.89 8.65 2 4.0
750 8.8/ 8.S7 2 4.0
80,0
/
8, 7Z 8.48 2 4.0




t V Ir Izz* T
/77//1 • v o/-fs ma m a >C
?o.o so 8. 52 8.28 24.0
94.0- SO 8.46 8.23 24.0
<74.0i- O o.o 0.0 2 40
9S.O- O 0.0 0.0 2 3,9
9575 50 4.12 4 3/ 2 3.8
9550 5.28 5,75 2 3,8
75.75 5.99 5,85 2 3,8
96,0 6.53 6.37 2 3,8
96,5 7.23 7.07 2 3,8
97. O 7 63 7.44 2 3,9




/oo.o 8.ZI 8.oo 2 3,9
/oz,o 8.27 8. OS 23,9
/01.0 8.24 8.02 2 4,0






//6.0- SO 8J4 7. ?Z 24.
//6.o a 0.0 0,0 2 4, O
/z/.o- 0.0 0.0 2 J. 8




/Z/.75 6.0/ S.86 2 3,8
/£2.0 6.42 6.27 2 3,7
7Z2.5 7.03 6.86 2 3,8
723,0 7.38 7.20 2 3, 8
724.0 7. 77 7.S& 23.8
72S.0 7, 76 7.7S 23. 9








t V It Izi° T
/T)/n. v o Irs ma rna °C
/ZB.0 5-0 8.08 7.87 2 3,9
73t.O- 50 8.00 7. 7? 2 3\ 9
/3t.Q + O.O 0,0 23,9
7W,o- O O.O 0.0 2 3,7
/44<Z5 50 4-76 4.85 2 3,7
/44.SO 5.73 5.60 2 3,1
/4
'¥. ?
7S 6.24 6./0 2 3,7
7¥£.0 6-60 6.44 2 3. 8
/SS5 7.0? 6.9Z 2 3,3
746,0 7.4/ 7.Z3 2 3,8
747,0 778 7.5? 2 3,8
/J8.0 794 7. 73 2 3,9
749,0 8.02 7.8/ 2 3,9
750-0
/
8.07 7.86 2 3,9
757.0 \
/
8.07 7.86 23, 9
753.0 5~0 8.04 7.8Z 2 4,0
753.Z5 70 ?.?4 9.6 7 2 4,o
/S 3.50 70.07 9.78 2 4, 1
/5 3.75 /0,/Z 9.83 24, 1
754.0 70,7? 7.88 24.2
7S4.5 70.24 9.75 24,2
/ss.o 70. Z7 ?.?£> 24,2




7CZ8 9.75 24. 3
/60.0
r





RECTIFIER 2 D.C. REVERSE CURRENT vj TIME
V- 70 vo//s
t It Izz° T
rr?7n. m a m a °C
0,5 7.2 7.2 22.0
1,0 95 9.4 9 22.1
1.5 70.7 70.6 7 22. 3
2.0 II. 3t /7. 2/ 22. 7
2.5 / 174 7/. 6
2
22. 9
30 72.00 77. 8 7 22. 9
4.0 72.29 72,03 23.
50 /2.31 72.23 23, 1
6.0 /2.3I 7£.2 23. /
7.0 72.16 72 74 23, 2
8.0 IZ./5 72.03 23. 2
9.0 7Z.03 77 97 23,1
/0.0 77. 97 7/. 8 7 2 3.2
/ 1.0 77.77 77 73 2 3.2
/3.0 //.5/ 77 34 23.2
75.0 77 24- 77.03 2 3.2
17.0 77-02 70.88 23. 1
zao 70,71 70.57 23. 1
Z4.0 70.47 70 .32 2 3. 1
28.0 70.^6 70./0 2 3. 2
32,0 /o.oe 9. 9/ 23.2
36.0 988 9. 72 2 3.3
40.0 9 7
O
9.55 2 3. 3
45,0 9.54 9.38 23. 3
50.0 9. 42 9.27 23,3
55.0 9.2 9 ?. 74 2 3.3




RECT/F/ER 1 D.C. FOR WA RO VOLTAGE PROP VERSUS
TEMPERA JURE
1= /,0 a I' = 5.0 a. r=/o.Oa.
~r v. T V, T V,
°c vo /4s X vo lis °c
2 4.0
vo lis
23. 0.4SO 23,0 0,0 68 0.8 48
Z4.0 0. 449 24,0 O.b 67 2S.0 0.847
25.0 0.4 48 zs.o o.e 66 Z6.0 O.8 47
2 6.0 0.4 4 7 26,0 0.6 64 2 7.0 O.8 46
2.7.0 O. 4 46 Z7.0 0.6 63 28.0 O.8 44
Z8.0 0. 4 44 28.0 0,6 6 2 2 9.0 0,8 43
30.0 0.4 4/ 30.0 0.6 60 30.0 O. 8 41
32.0 0.4 38 3Z.0 0.6 58 32.0 0.8 40
34,0 0.4 36 3 4,0 0.6 56 34.0 O.8 3 9
36.0 0, 43Z 36.0 0,6 54 36,0 0,8 38
38.0 0, 4 29 38.0 0. 6 5/ 37. 0,8 38
42./ 0.4Z2 4o.o 0.6 50 40,0 0.8 36
4S.0 0.4 20 4Z.0 O.e 48 42.0 0,8 33
4 6,0 0.4/9 46,0 O. 6 43 46>.0 0,8 3/
48,0 0.4/6 48.0 O. 6 4/ 48.0 O, 830
50.0 0.4 72 50.0 O, 6 40 50.0 Q,S29
52.0 O. 4 /O 52.0 o. 6 38 52.0 0,8 2 9
54.0 0. 4 OS £4,0 0. 6 37 54,0 O, 82.8
56.0 0.4 o5 56.0 O. 6 34 56.0 0.8 27
58.0 0. 402 58.0 0.6 32 58.0 0,825




RECT/F/EK Z 0.C. FORWARD VOLTAGE DROP VERSUS
1-2. a
/ c 11 re
.
7 -~ 4.0 * I = 8.0a
T V, T V, T V,
°C vo /4j °C vo/4
s
°C vo /V/
257 0.272 2d~.2 0,3/1 27.0 O. 3 56
2 6.0 0.Z72 26.0 0.309 28.0 0.3 53
27.0 0,270 27.0 0,308 30.0 0.3 50
28.0 0.26? 28.0 0,3o& 32. 0,3 4 7
3 0.0 0,266 30.0 0,302 34.0 O, 3 43
32. O.Z6/ 32.0 O. 300 36.0 O, 3 40
34.0 0.25? 34.0 0,2 97 38.0 0,3 35
36.0 C.256 36.0 0,2 ?
3
4O.0 0,3 36
38.0 0,252 38.0 O.2 70 42.0 O, 337
40.0 0,249 40.0 0,2 SS 46.0 0, 327
42.0 0.247 42,0 0,2 8 48.0 O, 323
44.0 0,242 46.0 0,2 79 50.0 0, 320
46.0 0.239 48.0 0,276 52.0 0, 3 7g
48.0 0.236 50.0 0,2 72 S4.0 0,3/6
50,0 0.232 52.0 0.2C 9 56.0 O. 3/2
52.0 0.219 S4.0 0.ZG7 SS.O O, 309
54.0 0.2 27 56.0 0.263 60.0 O.3 07
56.0 0.2ZI 58.0 O.260


























56.0 0. 2 57
58.0 02 5-4
60.0 Q.252




























Z =A0 Z = s:o Z = 70. Oc
T V T V T V
°C VO 7/l °C vo//j °C V o 7ts
23.0 o. 4j'S 24,0 0,(>6Z 23,0 O.830
24. 0.4SZ 2S.0 0,66 1 24.0 O.830
2&.0 0.449 26,0 O. 660 2S.0 o.ezs
26,0 0,447 2 7.0 o.CS? 26,0 0.8Z7
27.0 0,446 28.0 0,66-8 2 7.0 C.826
28.0 0.44S 30.0 O. 6SS 23,0 O.8Z6
30.O ,442 32.0 6.6S3 30,0 0.822
32.0 0,440 34.0 0.6SO 3Z.O 0.82/
34,0 0,43? 36,0 Q.648 34,0 O.820
36.0 0.437 38.0 0.646 36, O O.g/8
38.0 6.434 40.0 0.643 38.0 0.8/7
40.0 Q.432. 42.0 0.642 40,0 C8/6
41.0 Q4Z8 46.0 0.638 42.0 0.8/7
44.0 0.4Z6 48.0 0.636 44,0 0, $0?
46.0 0.420 SO.O 0,630 46.0 0. 807
4S.0 o .4/9 £2,0 0. 6Z7 48.0 O. 80S
so.o o,4/
&
£4,0 0,622 so.o O.90?
Sl.O o ,4/6 S6.0 0, 62/ 52.0 0.80Z
S4.0 0.4/4 ss.o O.620 S4.0 o. 7 99
S6.0 0.412 60.0 6,6/8 £7.0 0.799
S8.0 0.409 £9, O 0. 7?7
















1 = /o, a
T V
°C vo /-/j
<23.0 0.452 24,0 0.657 22.0 0.84 7
24.0 OJSO ZS,0 0.659 23,0 0.8 J 6
25.0 0.448 2.6,0 0.6S7 24.0 O.S4S
26.0 0.446 27.0 0.657 25.0 0-845
27.0 0.443 28.0 0.&56 260 0.814
29.0 0.440 30.0 0,654 27.0 0.843
30.0 0.438 32.0 0.650 18. 0.843
32.0 0.454 34,0 0.646 36.0 0.84/
340 0,431 36.0 0,643 32,0 0.&3?
36.0 0.42 6 38-0 0.641 34.0 0.837
38.0 0.422 40.0 O.640 36.6 0.835~
40.0 0.418 42.0 0.637 38.0 0.832
42.0 0.416 44,0 0.C34 40.0 0.829
44.0 0,413 46,0 0.6Z9 42.0 0.827
46.0 0,408 48.0 0.626 44,0 0.3Z5
48,0 O.403 50. 0.624 46.0 0.822
50.0 O.40I 52.0 O.Ozz 48.0 0-8ZI
52.0 0,398 54.0 0.620 50 0.8/?
54,0 0.3? 6 56.0 O.C/7 52.0 08/8
56.6 0.3?3 58.0 0. 6/4 5 4.0 0.8/S
58.0 0,386 OO.O 0.672 56.0 0.873





RECT7F/ER 1 400^-3(p FORWARD VOLTAGE DROP vs
temperature:
T = /, O a. T= S.' O c I = 7O.O CX.
T V T V 7' 1/
°C V o /7
s
°C </o//s °C \/o77j
22.0 0.4 GO 25.0 0.9/s 24,0 6 92
2 3.0 0.460 Z6.0 o, 774 2S.0 0X97
24-0 0. 460 27.0 0-9/3 26.0 0.69Z
25.0 0.43~9 Z8.0 O. 7/Z 2 7.0 0.09/
2 6.0 0.457 30.0 0. 77 / 28.0 0.6 90
27,0 O. 454 3Z.O ,?#7 30.0 0.6Z8
2 8.0* 0.45Z 34.0 0. 905 32.0 O.680
30.0 0.44
9
36.0 O.?03 34.0 0.684
32.0 0.444 38.0 70/ 36.0 O.Og/
34,0 0.44/ 40.0 o, ?oo 38.0 0, 680
36.0 0.439 4Z,0 0,898 40.0 0X78
38.0 o.43b 4f.0 O, 897 42.0 O.&70
40.0 0.4Z9 4 6.0 c 8?S 44,0 0. 672
42.0 0.42 48.0 0.8?z 46.0 O.666
44.0 6.4Z3 50.0 0.888 4 8.0 0.664
46.0 0.42.0 5Z.0 0.885- 50.0 0,66/
48.0 o.f/8 S4.0 0.88O ^Z.O 0.6S-9
5~0.0 O.4/4 56-0 O.S7? 5-4.0 O.0S9
5'2.0 0,4// ss.o Q.878 S6.0 O.6S8
S4.0 .406 6 0,0 O.870 5~8. 6 0. 6S4























































































RfCT/f/ER 3 O.C. REVERSE CURRENT i// TEMPERATURE


















































RECT/E/ER 1 60^ REVERSE CURRENT vs TEMPERATURE
' V-SO-v 1/= //Ov
T Vr I
. °C vo/4s ^sU amp
/7.Z o,3o? S3.Z
/s.o 0,369 63.8
/?.o 0.4/S 7/ 4
zo.o 0,460 77,Z
z/.o o.soo €6,/







34.0 /. 66 Z86






so.o 4, SI 7 76
sz.o 4.99 8Sf
S4,6 S.S7 <?S9








zo.o o. 640 //O,/
z/.o o, 704 72 /. /
2Z.0 0.774 /33. /
Z3.0 C.8Z8 Z42.4
24. 0,906 78S.?
Z&.O 7 6/ /6S-
Z6.0 /.ZZ /73,9
Z8.0 7,46 7/0







44.0 4,38 6 7/
4 6.0 4,97 7S4
48.0 6'. 63 86-6
so.z 6.Z0 9SZ
SZ.O 6.8/ 76 77
S4.0 7. 60 • 77 72
56. 8.84 7307





RECT/E/ER 1 400" REVERSE CURRENT VERSUS
TEMPERA TURE




°C vo/9s ^(/ omp
20. 9 0.S2 6 9/
2/. 0.S3? 93
22.0 0.607 /04














SO2 4. SO 774
S2.0 s.oz 864
S4.0 S.66 974
S6.0 0-48 // 74
S8.0 7.S/ 72 92
60.0 8.80 /S/4
T Vr I
°C I/a /Vt ^A* Offt/G
73.7 0.4 97 36
79.3 0,S63 97
20.0 .6 02 704
27. O 0.64S 7/ /
22. 0.6 96 720
23. C. 768 732
24.0 O.S48 946
2SO 0.978 7S8
2 6.0 7.0/ 774





















TEMPERATURE CORRECTION FACTORS TOR RECT/T/ER
1 D.C. REVERSE CURRENT
V= 30v j I2Z- 84^a amp I/-- /oo
Z;7" ft
±22 /_2t




30 /so 0.46 7
33 23Z 0.362
36 2 94 0.Z&6
40 3 92 0.2/4
43 477 0,776
46 S/6 0,740
SO 7 40 0. /33
S3 887 0.0?s
S6 /OSS 0,080
60 /2 78 0,066
i_Tzz ~ 5Z,3>^/5
T It f*
°c ^& onip **/tt
23 70S 0.903
24 7/8 82 6
26 740 06 96
28 767 O.S83
30 /'99 0.470






S3 92 6 O./Of
S6 /094 0. 087




FINAL TEMPERATURE RISE of RECTIFIER 1 UNDER
FUEL LOAD WITH NO FORCED AIR
(Fq// Wast? re c //' // err ctt)
Frey. Te/.C 2-oad Fitter Tf/hoi F'rOOfiy T - rise
cp.s on)/? />/><? ^ fd °C °c °C
GO /o./s /? O fS,2 zs.o 20.2
60 /0./7 F SS~0 46.8 24,3 22.5
60 /coo L ss~o 43, 7 242 19.5
400 ?. 90 . F 42.0 2S.t> 16,4
400 /O./O F syo 4S.8 2S9 /?.?
400 /O.O 7 I sso 43.8 2 5.3 I#.S
ftfcr/f/f/? 1
C S/?or/ c/rco/V /ex/)
/-re?. 2








FORWARD D.C. VOLT-AMPERE CHARACTERISTIC of
RTCT/R/ER 1
T, V, T Vzs"
o/y>/o. vo/4s °C voM
o./o O.Z8( 2SJ O.Z8/
0.30 o. ?so 2 SO O.3S0
0-44 o .380 2SJ 0.3&0
0.80 0.4Z8 zso O.4Z8
/.Z3 C.468 zs,/ 0.46 8
7.S4 0,4?£ zs./ 0.J92
/. 8/ o .so? 2S.2 o.s-o?
2. 03 0.SZ3 2ZS.2 O.S2 3
2.S8 o.ssi ZS. 9 O.SS3
3. 00 O.S7& 26./ O.S7 7




4,30 0. 634 2 7, 0. 626
4.98, C6G/ 27 3 0.663
S.63 0.688 27.8 0.69/
6.0/ O. 701 28. / o. yoy
6,S~/ 0. 720 28.3 0.723
7./S 0,74b 28.8 O,7J'0
7S4 0.7S8 z?.s O.V63
8.40 0.78? 3O,0 0. 7 94
9.08 0.87Z 36,4 0. S/7


























































REVERSE O.C. VOLT-AMPERE CHARACTERISTIC of
ftECT/F/ER 2
V I Zzz ° T
V°/E ^U Qfrp ^ wp 6C
0.4 86.0 76,4 23,2
/.I &6.6 76.9 Z3.2
3.3 88.6 78.4 23.2
6.8 90.6 SO,/ 23,
Z
70.0 9Z.4 87.0 23.3
7s, 3 93.9 92. 2 3,4
ZO .3 ?S, 7 83.0 Z3.4
ZS.7 97. S 83.9 23.S
32.0 98.8 #4,3 Z3.6
36.6 99.8 as./ Z3.7
17.Z / 00./ &6.6 Z3S-
4S.6 70 0.9 88.0 23.4
SO. 8 702.7 88,7 23- &
5-4,8 703.6 89,/ 23.0
66,3 704./ 90S 23.4
6S.I /OS. 6 90.S 23. 6
67.9 706,3 90.8 2?. 6
74,8 7070 974 23.7
80.4 /08.4 92./ Z3.7
QS.Z 709,6 92. 6 23. 7
70•/ 7/0.6 93.4 23 7
9so 772,/ 99.2 23.8





























































































REVERSE OX. VOLT-AMPERE CHARACTER/STIC
RE0J7F/ER 2
f
V I I2.Z ° T
Vo/-/s m a /w a °C




25 3,88 3.34 Y
30 4.40 4.34 23.
35 5.00 4.?3 23. I
40 5-5? s.sz
45 6.77 6.0? \ '
50 6. 70 6.60 23.2
55 7.Z6 7. 75 23. 2
60 7.79 766 23.3
65 8.53 8.76 23. 5
70 8.8? 8.70 23. 6
75 940 7 7? 2 3.7
60 7.77 ?.a 23 6
85 7' ,40 70.73 23,9




REVERSE D.C. VOLT- AMPERE CHA RA C TER/Sr/C
of RECT/E/ER 3
V I Izz ° T
vo I'4s /7? a /?i a °c
5 56 dT2 24. 4
/o 9.2 8.6 Z4<>
7S 730 72.4 24,6
zo /6.8 76,0 Z4,8
ZS 20.8 7 7.? Z4.9
30 24.6 23. 7 24.9
3S 28.9 27.8 25./
40 32.8 3A 6 2S.Z
15 36.7 3S4 25,3
SO 40.8 3?.Z 2S.6
ss 4S.3 43.4 ZS,9
GO 49.7 47. 2 6.0
65 S4.7 &/. ? 2 6.8









<ymps vol4s v o 14f °o
o./o 0.Z84 0.Z8S 2 3,0
0,30 0.346 0,34? Z3. I
O.SO 0.384 o.38f Z?.
o.io ,4/4 0,4/S 23, 1
/.00 0,446 o,44£ Z2.4
£.00 o.SO8 o.so? ZZ.6
3.00 O.S6Z o. S63 E2.e
4.03 0.606 0,6 07 22.9
S,06 o,646 0.647 23, /
6./Z 0.68/ 0.682 Z3.3
7. 09 O. 7/4 0. 7/6 23. 7
8.06 6. 74? 0.74S Z4.0
?.o? O. 7/S O, 777 24, /




FOR WA RP 40 0^ VOL 7 ~ AMPERE CMARA C TER 15 7/C
of RECr/f/£R 1
I V Vzz° T
7.00 0.4S? 0.4-C7 25 8
2.00 O.SZ2 0.530 25.7
2.52 0,SS~4 0.562 25.7
3.02 0,57? 0,587 Z5.8
3.53 0.6 02 0,607 25,'8>
4.00 0.624 0.627 25.8
5.03 O.66S 0.67/ 26.0
6.02 O. 700 O. 7O6 26.2
6.9? 0,737 0.743 2 6,7
6-06 0.77/ 0.776 2 7.0
9.02 0. 79? 0.804 27.3




FORWARD 400 ~ t 3 FHASE VOLT - AMPERE
CHARACTER/5710 of RECT/FIER 1
I V V22 ° T
am/as vo /4s Vo //s X
7.0O O, 465 0,46 7 Z4,2
Z.2 O.SS4 0.SE6 Z4.2
Z, 73 0,S$7 °-S<99 'Z4.2
3.3Z 0.6/8 0, 620 Z41.3
3.Q7 0. 646 O ,64? Zi.6
4.4o 0, 673 0,676 34,8
4, 93 0,69? 0,702 2 4,?
S, 4? Q, 72/ 0.7Z4 zs.o
6 -OS O. 746 .7S0 ZS.2
7. /S 0,993 .800 Z33
7. 76 0.87$ 0,8Z3 zs,8
8.30 0.838 843 Z6,0
8.84 0,8S? O.86S Z6.2
939 0.88/ 0>,887 Z6.3





VO LT- A MPERE CHA RA C EEER IS 7/ C
of RECT/f/ERS £ or?J 3
z V T







Z.J 9 O.ZM 24.0
2. £3 0.177 24. 1
3, /3 0.Z8&















V Vr T v IzZ " ,T
vo//s vo//s ^l* amp ^sts ma °C
0. // O.08S 94.6 73.2 Z3./
o.zo 076S ZS.4 7?St 7
0.30 Q.2S6 44.0 39.6
0,43 0.35-7 6/.4 6"S.3 V
0, 62 0.4Z3 7Z.8 6SJ Z3.2
0,?8 0,472 8/Z 7Z.6
Z.03 O.SZI 89.7 80.3
4.0i O.S3Z 94.8 84.4
6.00 O. S64 970 86r./
8.00 O.S76 99.7 88,3
'
1
/o,z 0.S8S 70 0.7 89. / Z38
7S.3 0,601 703. 7 97 7
ZO,4 0.6/7 706.7 94 1
ZS.3 0.6Z8 708.0 9S<7
30,s 0.64/ 770.3 918
39 6 0.660 9/3.7 700. 7
^0.3 0.677 776.8 703.3
60.Z 0.677 779.9 70 6. Z
70,3 0. 7/8 723.6 709.4
80.4 0.74/ 7Z76 7/3,0
?o.7 0. 766 737 9 776.8
70/ 0.808 738. 9 773.0
//o 0.836 743.9 777.4
/ZO O.88Z 7S7.8 7343
/30 0.9Z8 7S97 74/3





400 rv VOLT- AMPERE CHARACTER/STIC
o f REC T/f/ER 1
V






















































































































D. C. KES/TANCE from D. C. C/ZAfiACTER/ST/C
V 1 ** J£
vc (Is on>p O rtiTiJ
+0.85 HO. 00 0.085
0-80 8.65 O,0?3
0.70 5.87 O.//?
O. GO 3. SO 0./7I
o.so /, 68 CZ98
o.+o 0.57 O, 707.
0.30 o./s Z.00
o.zo 0. 01 7 0,04
0.7b 0.01 /£./
c7)^)s_
V o //./ ^ o/*?p /ood





40 84 6 4 73
60 8 7.7 084
80 90.^ 881
/oo 93.9 7 664
/zo 98./ 7' ZZ3
/40 /03.7 73S0






P.C. RESISTANCE from 60'- CHARACTERISTIC
V I *=¥
vo /A om /o s ohms
+0.80 +/0.00 0. 080
0^70 6.68 O./05
O.60 3.8? 0,754
0.50 7 87 0.267
0.40 OS9 0. 6 78
0,30 0./6 7. 874
0.27 o./o 1.70
vo/7 s ^<a amp o7)
ms
/ooo
"0.20 -25. 7 8
0.61 65. 1 <?




30 97 6 308
40 700.5 398
50 703.4 483
60 70 6.3 S64




//O 72 7.7 862
7Z0 734,3 893





D.C. RESTANCE fro™ 40O <v CHARACTERIST/C
V I *-i
vo/7j amps ohm s
+0.83 +70.00 0.063
0-80 8.71 0.0 9Z







vo 17s ^O Q/r>p
o/t»
/coo
- 0.06 - <?./5 7
O.Zi Z9.3 7
o.ez 70.4 9
/.// 78.3 . /4
z.83 8 7.S 32
















A.C. RESISTANCE from 60™ CHARACTERISTIC
V aV AT
vo/fs va//s a /Tips ohmJ
+0.B +0.263 + 8.5-1 0. 03 1
OJ 0.2OO 6.(6 0.033
0.6 0.375 8.87 o. 042
0.5 0.47? 7. 78 0.0G2
OA 0.800 4.71 0.(69
0.3 /.000 Z.70 0.37/
VO/-/s VO//s ^stl Q/nfi
O nm f
/OCO
- OJ - 0.76 -700 8
0.6 Z.O 68./ Z?
(.0 3.0 38.3 78
2.0 4.0 (8.0 ZZ2
4.0 6.0 4,8 /ZSO
6.0 6.0 4.8 7ZS0
/o.o 6.0 4S /ZSO
ZO 80 3Z.O zyoo
30 80 Z5.8 3/00
40 /oo Z8.4 3520
50 /oo Z8.4 35ZO
GO /oo Z8.4 3SZO
70 /oo 33.2 J5~ZO
80 90 Z9.0 2760
90 /oo 43.8 ZZ90
(00 so 40.6 7 9 7Z
no 80 s~o,5 /5~6°4
IZO 76 53-0 7454
no 7S 65.0 /364




A.C. RES/STANCE from 400- CHARACTERISTIC
V AV AZ K ~ Hi
vo /4s vo//s om/os ohms
+0.83 +0. 2 94 + 9.46 0. 03/
0.80 0,285 8.73 0.033
0.70 0-34? /0./3 0.034
0.60 400 8.26 0.0<?8
0-50 0.60 7. 94 0,076
0.40 0.80 4.79 0./67
0.30 /,00 2.53 0, 395
vo//s vo/9s .s<* o/np oA sns
/OOO
"0.3 - 0.78 -98.6 8
0.7 3,00 /00.4 30
f.O 4.00 65.7 61
2.0 S,00 23.2 2/5
4.0 40 52.4 764
6.0 60 54.3 // 06
/o.o eo 4S.8 /746
20.0 80 26.5 30Z0
30.0 80 ZOJ 3990
40.0 80 20.2 3960
5~0.0 /OO Z9.0 3 4SO
60.0 80 24.1 3320
70.0 /OO 30,/ 3320
80.0 SO ZSJ 3/90
90.0 /OO 394 2540
/oo.o eo 40.6 7978
///.o 8o 43.4 9847
920,0 80 45.9 9747
/SO.O 80 47.2 /700





RES/ST/VE LOAD y NO f/LTER
f= 60 ™ ; V,=/£Qv r.rn.s f= 400 ^ • V, = /ZOv r.m.s.
I Vz T V? I Vz 7 V,








































































5.37 52,0 2 6.3
6.20 52.8 2 6.7
7,07 52.7 27 /
7. 92 52.7 276
8. 79 52.6 27 9
9. 62 52. 4 285
70. 49 52. 2 28.6
77. 3 7 52./ 28.9
72.78 52. 22. 7
73, 7/ 52. 29.7
83. O






RESISTIVE LOAD; 240 juU CAPACITOR
I 14 T

























































f=400" ; V, = 720* r.m.s.
I Vz TV?




7.87 73. 6 2S.3
2.42 72,7 2S.3
3.S4 70.7 zs.s




7.62 6S. 7 27.0
9.6/ 64,6 27,6
9. S3 63.7 27.9
70,46 • 6 3,0 2 8.2
71,34 62.0 2 8.7
72.23 £7,2 Z8.9
72.70 60.3 29.Z










RESIST/VE LOAD, 550 ^ fat CAPACITOR
f = 60"j V,~ /20s r.m.s. f = 400 <v ; V, ~ 720s r.^.s
I V2 T




2.49 7^.8 23. 7
/, 96 77.0 23.Z
Z.S4 69. 7 ZSii
4\f / 6S,9 Z3.?







9. St S7.7 26.2
/O.Jt fC.3 Z6.7
//./? SS.8 27.0




9.9 7 S7.I 27.0
74.0
I Vz















9,4£ 62.7 2 7.0














£FF£Cr of CAPAC/TANCB en 400^ ftEaULAT/ON
c J V, T V, Ripp le Reyula 7/on
_su -fd e/.C. °MP c/.c, vo/Ts °c * Fac¥of %
400 ?. ?z 07.8 30.8 73.6 0.0<oQ 74.7
5S6 7.93 GZS £8.0 30 O.OS7 74.7
3Z0 9. 93 87.8 £9,4 74.0 0.064 74.1
Z40 70.00 C3J Z9 3 77.0 0.079 74.4
760 70,04 637 Z9.8 Z9.0 0.73 7 74.4
80 70,/
8
&o,s 30.0 $8.0 0.329 77,4
77 70, /3 80.3 30.8 S8Z 0.33 3 77 9
70 /0,-&JL S9.7 30.? c/.o 0,36~Z- 77 7
£Z ?.8o S6
W
3o.8 07.3 O.J74 6?.S
6/ 70,78 S77 30.? 8S.0 0,38 9 687
60 70,/S szs 30.2 6 7.6 0.40 4 68.4
ss 70,/Z S7,Z 3o, 7 68.0 0.40 7 68,
1
40 9.87 $3.4 30.
2
77.6 0.490 OSS
zo 70.08 $7,2 3o,Z 70.6 0.4?f €zj
^ Peat fo
/




REGULATION, INDUCTIVE LOAD, 550^W CAPACITOR
f--60^; 1/ =/ZOv */».s. f=40O~' V, =/ZOv nm.S.
X v2 T V3 I Vz T V3
c/.c. omp c7.c. \zo/ls °C * c/,C. Q/r>/0 c7.C VO //j- °C #
o 81,9 2^,7 84.0 24. Z




4. 7 8 SO, 3 Z4A J. 71 G7.6 2 4. 8
6.03 S4.6 2 4S S.08 67.1 2S0
6-47 'J4.0 ZS.I S3? 66.7 zs.z
7, 8 S3-
7
ZS.3 6 .OS OS. 8 2SS
7. 61 J 7,9 ZS.6 6. ?7 64.8 2S.6
&.70 S7.4 ZS.? 7. 64 6>f.Z 2S,8
9,H S2.I Z6.Z 8. ?4 63,3 Z6.2
70, ZZ S7.3 26.6 70J4 6 Z.I 2.6.7
77, <?Z S7Z 26.8 70,83 07S Z6.9
7Z.S7 700,8 27.1 77. 3/ 672 Z7.3
73. fl SO. 7 Z7.S 77,08 6 0.0 2 7,7
70,00 S7,8 Z7.0 74,2 73 SO S9.8 2 8. /
70. 03 67.8 £7.3 7.S





























$0 ^5 ^ <3 CSJ ^ S <*5 Xa >
^ \. c\4 so Q> rs. o^ O so \o
\6 so ^ \<s N N Q6 ^ ^ q
rs c\/
tf K ^ ^ u,- K ^ ^ >< S
^ \ \ \









































^ vi mS K K Qj (K IX q n q
^ W ^ ^ ^ \M lM ^ ^ tv> lV>
^0 Qo
^ 2^ \ ^ > ^N. V \ K 'v) ^\^ V \C K (K S \ S n:S s \
^ 2 ?° ^
°0 V> >
'\ £\j Q ^ V ^ ix V(NJ <X J\
Pi S <S <N jn x x x x <oI N
^£> SO \ U C\




















tvi (V ">jC c\ ^ ^: ^ V ^ \o
\ \ ^a ^ v ^ ^ c\Vo
\ <\i m <\i «\i o^ ^ w^ v \
\ N M «v> Vj va Cbov ^ x
V ^o \ K K ^ CK V^ \ <v>,
£
^ Q> 5>n> ^ O T\K vo oo > \ V)
n: svj (vs t^* N cs
\ <\l Q> ^ ^ V
N *S* <ti Si *S N
so va W) ^ ^ **>
n; «S ^< x
K rv (\^ c\j
J3 csj 5S
^ ^ N
K) ^ cv<j \k ^ N oo
cv>> vVj ^ ^ Co ^ ^> N ^ N

















<^ cm h V ^ v. h n <\j
^> S V\ ^ *s *\i so ^6 x<Xcx<XCn.<XCN0o^X
\<\(^> V> \Q Q3 *\ vo
b S N ^ \ (S\ On N
X \o \q cq q 0>^>^i
N K N^ ^ ^ ^ q
\ c\j ^ V '-o K Cq X
X X ^ SkcKK^K^X X X
,
^ \ ^ ^°o <*> ^ v <^
X p vd v: N ^ ,^

















Absolute Maximum Ratings (per cell)
(60 cps, Resistive or Inductive load)




One Cycle Fault Current
Continuous Reverse Working
Voltage
Leakage current (60 cps input)
Peak
Average
Full Load Voltage Drop



















Cell mounted on copper cooling fin,









3* Rectifier, type 3.
Manufacturer General Electric
Model No. 6RA2CF1
Cell mounted on copper cooling fin,
fan cooled at 200 ft. per minute.
Applied voltage 50 volts rms
D.G. Output Current 12 amps











Characteristics of a ger-
manium power rectifier





Characteristics of a germanitim
power rectifier operated at 400
cycles per second.
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